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This invention relates to a method and apparatus for the 
provision of a series of simultaneously recorded groups 
of test result records from alternating groups of a plurality 
of testing means, and has for a primary object the provi 
Sion of separate and readily identifiable groups of records 
of this nature whereby the said records may be conven 
iently and accurately identified and interpreted. 
A further object of the invention is the provision of 

a series of spaced groups of records as above on a record 
ing means which comprises a single recording chart. 
Another object of the invention is the provision of a 

method and apparatus as above which make possible sub 
stantially maximum utilization of available result record 
ing time by recording only the most meaningful portions 
of the said test results. 
Another object of the invention is the provision of ap 

paratus as above employing only relatively inexpensive 
components of proven dependability whereby manufac 
turing and maintenance costs are minimized. 
A further object of the invention is the provision of 

apparatus as above embodying significant versatility in 
the design thereof whereby the apparatus is readily adapt 
able for use in conjunction with testing apparatus oper 
atively arranged in a wide variety of manners. 
A still further object of the invention is the provision of 
ethod and apparatus as above which are peculiarly, 

though not exclusively, adaptable for use in the multi-pen 
recording on a single recording chart of the results from 
automatic blood Sample supply and analysis apparatus of 
the nature disclosed, for example, in U.S. Patent No. 
2,899,280, issued August 11, 1959, for E. C. Whitehead et 
al., and assigned to the assignee hereof. 

In a preferred embodiment herein disclosed, the appara 
tus of the invention comprises a multi-pen, variable speed 
chart recorder. A plurality of automatic blood analysis 
apparatus, of greater overall number than the number of 
recording pens, are arranged for sequential connection, 
in alternate simultaneous groups of less than the overall 
number thereof, to the recording pens. Discreet blood 
Samples are supplied in a continuous stream to the analysis 
apparatus from connected blood sample supply apparatus. 
Analysis apparatus-recorder pen switching means, and re 
corder chart speed control means, operative in response 
to timer activated control circuits, are provided to control 
the sequential connections of the analysis apparatus 
groups to the recorder pens, and the speed of the recorder 
chart, whereby a plurality of separate and readily identi 
fiable blood sample analysis results curves may be pro 
vided on the recording chart and the blood type of the 
respective blood samples determined therefrom. 
The above and other objects and advantages of the in 

vention are believed made clear by the following detailed 
description taken in conjunction with the accompanying 
drawings wherein: 

FIG. 1 is a combined schematic and block diagram of 
exemplary, interconnected colorimetric analysis and re 
cording apparatus; 
FIG. 2 is a combined schematic and block diagram of 

the apparatus of the herein-disclosed preferred embodi 
nent of the invention; and 
FIG. 3 illustrates graphically the timed operational rela 
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tionships between the plurality of groups of automatic 
blood analysis apparatus depicted in FIG. 2. 

Referring now to FIG. 1, operatively interconnected 
colorimetric analysis and recorder apparatus are generally 
indicated at 1 and W, respectively. The depicted inter 
connected analysis-recorder apparatus is of a type well 
(nown in this art, and is intended as only illustrative of 
a form of apparatus particularly adaptable for use in an 
analysis-recording system constructed in accordance with 
the teachings of the invention. Employed in the said ap 
paratus are a plurality of photoelectric devices in a bal 
ancing system of the nature wherein a slide wire is oper 
ated for balancing a null-type measuring circuit and 
wherein a recording is made of the movements of a mov 
able tap attached to the slide wire. Apparatus of this 
general nature are described in detail, for example, in 
U.S. Patents 2,960,910 and 3,031,917, issued November 
22, 1960, and May 1, 1962, respectively, to M. H. Pel 
avin-a co-inventor of the subject method and appara 
tus-and assigned to the assignee hereof. Briefly de 
scribed, the colorimetric analysis apparatus, or colorim 
eter, comprises an optical system generally indicated at 
21 and a light-responsive electrical system, generally indi 
cated at 22, operatively associated therewith. The said 
optical system in turn comprises a single light Source 
23, concave mirrors 24, apertured light shields 26, 
suitable optical filters 27, a standard or reference flow cell 
28, and a sample flow cell 29, relatively positioned as 
shown, whereby light from the said source may be focused 
in relatively well defined beams on both the reference and 
sample flow cells in a manner well known in this art. 
The light-responsive electrical system 22 in turn con 

prises photoelectric devices 31 and 32 positioned in the 
paths of the said light beams and electrically connected 
as shown in series opposition with photoelectric device 31 
feeding loop 100 and photoelectric device 32 feeding 
loop 200. Slide wire potentiometers 33 and 34 are con 
nected, respectively, in the two loops whereby the output 
of photoelectric device 31 will be developed across po 
tentiometer 33 and the output of photoelectric device 32 
will be developed across potentiometer 34. 

Included in the recorder apparatus is a slide wire poten 
tiometer 36, connected as shown to loop 100 by the inter 
connections of leads H1 and Hw and L1 and Lw, respec 
tively. A recording stylus 37 is mechanically connected 
by member 35 to tap 38 of potentiometer 36 whereby the 
stylus and tap will move in unison. Further included in 
the recorder apparatus is a converter 41, transformer 42, 
amplifier 43, and two-phase motor 44, interconnected as 
shown in a conventional manner between potentiometers 
34 and 36. Motor 44 includes two windings, 46 and 47, 
respectively, with the former connected to the output side 
of amplifier 43 and the latter to an A.C. source 48. Mo 
tor shaft 51 extends from the motor and is cooperatively 
associated with the member 35 in the depicted conven 
tional manner whereby rotation of the shaft will function 
to move the recording stylus 37 and tap 38 to a corre 
sponding extent in a direction determined by the direc 
tion of rotation of the said shaft. A recording means 
53, including a driven recording chart 54, is positioned 
adjacent the stylus so that movement of the stylus in re 
sponse to rotation of the motor shaft may be recorded on 
the said recording chart. The operation of the depicted 
colorimetric analysis-recorder apparatus is conventional 
and further explained in detail in the Pelavin patents, Nos. 
2,960,910 and 3,031,917, referred to hereinabove. Suf 
fice for present purposes to set forth that the record made 
on the recording chart 54 by the movement of the re 
cording stylus 37 relative thereto represents the relation 
ship between the intensity of light from source 23 trans 
mitted through the reference flow cell 28 to the photo 
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electric device 31, and the intensity of light from the same 
source transmitted through the sample flow cell 29 to 
photoelectric device S2. The intensity of light transmitted 
in this nature is known as transmission (TR) and is 
commonly expressed in percent, whereby the quantity of 
a particular substance (as evidenced by color concentra 
tion) in a chemically treated sample introduced to the 
sample fow cell may be determined from proper inter 
pretation of the record made by the stylus on the record 
ing chart. Attention is here directed to the said U.S. 
Patent No. 2,899,280, referred to hereinabove, whereil 
is believed made clear the manner in which colori 
metric analyses of this general nature are particularly 
adaptable to the analysis of blood samples in the deter 
mination of the quantities of various Substances contained 
therein. It is, however, reiterated here that the depicted 
colorimetric analysis-recorder apparatus is intended as il 
lustrative, only, and that other analysis apparatus, as for 
example spectral fame analysis apparatus of the nature 
disclosed in U.S. Patent No. 3,031,915, issued May 1, 
1962, to M. H. Pelavin and assigned to the assignee here 
of, are equally adaptable to combination with recorder 
apparatus of the depicted nature in apparatus constructed 
in accordance with the investion. 

Referring now to FIG. 2, the analysis-recording appa" 
ratus of the invention is seen to comprise a four channel, 
variable speed chart recorder generally indicated at 9i 
a timer activated control circuit for controlling the Speed 
of the recorder chart drive motor generally indicated at 
12, a plurality of automatic analysis apparatus generally 
indicated at 293, switching means for Sequentially con 
necting predetermined groups of the analysis apparatlis 
simultaneously to the recorder generally indicated at 84, 
and a timer activated control circuit for controlling the 
operation of the switching means generally indicated at 

96. 
In the herein disclosed preferred embodiment, eight 

separate analysis apparatus are utilized and identified in 
the drawing as A1-Aa, respectively. It is to be understood, 
however, that a lesser or greater number of Such appa 
ratus could be employed in the System of the invention 
without necessitating cther than relatively minor changes 
in the arrangement of the Switching means of a nature 
imade clearer hereinbelow. Similarly, more or less re 
corder channels might be used without necessitating other 
than relatively minor changes in the arrangement of the 
Switching means. 

For convenience of description, and although not essen 
tial as set forth above, each of the said analysis appa 
ratus will be considered a colorimeter connectible to the 
circuits of the recorder channels in the manner of the 
basic colorimeter and recorder circuits of FIG. 1. Thus, 
the said analysis apparatus will each have three leads, i.e., 
and H, L, and a C lead, extending therefrom for operative 
connection to the corresponding H, L, and C leads of a 
recorder channel. These leads are commonly referred to 
as the high, low, and converter leads, respectively, and 
will be so referred to hereinbelow. In accordance with 
the teachings of this embodiment of the invention, the 
colorimeters A1-A8 are arranged in two groups, with 
colorimeters A1-AA constituting a first group and color 
imeters As-As, a second group. It is the overall function 
of the method and apparatus of the invention to simulta 
neously connect electrically the four colorineters of the 
first group to the four recorder channels for a predeter 
mined period of time, at the expiration of which the said 
colorimeters are disconnected and the colorimeters of the 
second group simultaneously connected electrically in the 
Same manner to the recorder channels. The process is 
continuous, with the recorder channels being switched 
repeatedly back and forth, at predetermined timed inter 
vals, between the colorimeters of the first and second group 
until the completion of an analysis and recording oper 
ation. The said electrical connections are made by con 
necting the high, low, and converter leads of the color 

i 

5 

O 

20 

30 

5 O 

GO 

9 

6. 
imeter circuits to the corresponding high, low, and Con 
werter leads of the recorder channel circuits in the manner 
made clear for the connection of one pair of Such circuits 
in FIG. 1. Since it is not necessary to electrically connect 
and disconnect the corresponding low leads of the color 
imeter and recorder channel circuits every time the Switch 
ing function is performed, a non-illustrated common low 
lead is provided for all the colorimeter and recorder chan 
nel circuits. 
Turning now in greater detail to the four channel re 

corder generally indicated at 101, it will be seen to conii 
prise a driven recording chart 127 and four pens i0, 11, 
12 and 213 cooperatively associated therewith. The 

chart is driven at varying speed by two speed motor i08 
uilder the control of motor control circuit S.2 in a nailler 
set forth in detail hereinbelow. Circles W through Z are 
used in the drawings to diagrammatically illustrate the 
four separate recorder channel circuits required for the 
control of the pens. Each of these circuits is of the na 
ture depicted at W in FIG. 1 and functions as in the man 
ner set forth hereinabove to control the movement of an 
operatively associated pen relative to the recording chart; 
with the recorder circuit W (F.G. 2) controlling pen it, 
circuit X controlling pen E1, circuit Ypen i2, and cir 
cuit Z pen 3. This in essence are provided four in 
dividual recorders arranged to simultaneously record the 
results of four separate coiorimetric analyses on the Sanile 
recording chart. To this effect, and to prevent overlap 
ping of result recordings, the pens are arranged in the 
depicted predetermined spaced-apart manner described in 
detail hereinbelow. 

Referring now to the switching means S84 and the 
switching means contrel circuit 365, two relays 12 and 
E22, respectively, are electrically connected in the latter 
to control the operation of the former. For convenience 
of description, two four pole, double throw relays are 
depicted. It is to be understood, however, that a singie, 
eight pole relay or eight, single pole relays might be sub 
stituted therefor if desired. As shown, the relays air 
connected in series in the control circuit 296 for Siriuli 
taneous energization and de-energization thereby. The 
high leads of the coiorimeter and recorder chainnel cir 
cuits are electrically connected, as shown, to the contacts 
of relay 525 in such manner that the alteriate connec 
tions between the high leads H-4 of colorimeters A1 
A4, and the high leads Hig-Ha of colorimeters As-As, 
with the high leads H-H of recorder chaiinels W-Z, 
are sinuitaneously controlled by the energization and die 
energization of the said relay. Siniilarly, the converter 
ieads of the respective colorimeters aid recorder Cian 
neis are electricaily connected, as show, to the contacts 
of relay 22 in such manner that the alterinate connec 
tions between the converter leads C1-C4 of the colorin 
eters A1-Ag, and the converter leads C5-C of colorim 
eters As-As, with the converter leads C-C of recorder 
channels W-Z, are simultaneously controlled by the en 
ergization aid de-energization of this relay. Thus, in a 
first condition of the relays-for example, the depicted 
de-energized con?ition-colorimeter high leads H-H 
and colorialeter converter leads C-C will be connected, 
respectively, across the contacts of the relays 2A and 
i22 to the high and converter leads Hw-H and C-C, 
respectively, of recorder channels W-Z, whereby the first 
group of colorineters A1-AA will be operatively connect 
ed simultaneously to the for recorder channels to en 
able the sinnultaneous recording of the analysis results 
therefrom by the recording pens 116-573 on the record 
ing chart F. 

Alternatively, with the and E22 energized 
thirough circuit G6, the connections will be reversed, with 
the high leads H5-Ha and the converter leads C-C of 
colorimeters As-As now connected similitaneously across 
the Contacts of the relays to the high and converter leads 
of the recorder channels, whereby the record produced 
by the recording pens will represent the simultaneous 

as it relays 
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analysis results from colorimeters As-As. Thus may be 
seen wherein alternate energization and de-energization 
of the relays 21 and 122 for predetermined periods of 
time will function to alternately connect the first and sec 
ond colorimeter groups to the recorder channels for cor 
responding periods of time. 
The simultaneous energization and de-energization of 

the relays 121 and 122 for the above-mentioned predeter 
mined periods of time is carried by the control circuit 
i06 in which the said relays are connected in series. To 
this effect, the said circuit includes a normally closed 
switch 27 with actuator arm 28 projecting therefrom. 
A timing can 29 is operatively associated with the actu 
ator arm and driven to rotate relative thereto by a con 
stant speed timing motor 32. The periphery of the said 
cam is preferably, but not necessarily, equally divided into 
a high side 130 and a low side 31, and positioned as 
shown relative to the switch actuator so that the said 
switch will be open (as depicted) when the actuator rides 
on the high side 138, and closed when the actuator rides 
on the low side 3. Thus, the circuit 86 will be alter 
nately completed, to energize the relays, and opened, to 
de-energize the relays, for corresponding periods of time, 
by the opening and closing of switch 127 as the timing 
cam 129 is rotated at constant speed relative to the switch 
actuator 128 by the constant speed timing motor 132. 
Assuming the timing cam to be initially positioned as 

shown with the actuator 28 just on the verge of falling 
from the high side 130 to the low side 131, and the speed 
of the cam to be one revolution every two minutes, it 
may thus be understood whereby upon activation of the 
driving motor 32 to commence rotation of the cam, 
colorimeters As-As will be connected through the con 
tacts of relays 21 and 22 to recorder channels W-7, 
as the relays are in turn energized by the closing of 
switch 27. At the expiration of one minute, however, 
the high side 138 of the cam will again be presented to 
the switch actuator 123 whereupon the switch 127 will 
be opened and the relays de-energized to now connect 
colorimeters A1-A, through the relay contacts to the re 
corder channels. This alternate connection of the color 
imeters to the relay channels in simultaneous groups of 
four for one minute each will, of course, continue for 
so long as the timing motor 32 refinains activated. A 
switch 138 is provided to activate the timing motor at the 
commencement of an analysis operation. 
As mentioned above, the recorder 61 comprises a 

recording chart 87 driven at varying speed by two speed 
drive motor 138, the operation of which is controlled by 
timer activated control circuit 02. To this effect, a nor 
maily closed switch 34, with switch actuator 35 pro 
jecting therefrom, is included in the said circuit and a 
timing cam 33 operatively positioned relative to the said 
actuator in the manner of timing cam 29 and switch 
actuator 28 of control circuit i06. Timing cam 33 is 
also driven at constant speed by the timing motor 132, 
and includes the two notches 136 and 137 formed in the 
periphery thereof. The can and Switch actuator are so 
arranged that the switch will be closed only when the 
actuator rides in one of the said notches. Notch 37 is 
preferably, but not necessarily, of twice the peripheral 
extent of notch 36 whereby the switch actuator 35 will 
take twice as long to traverse notch 37 as to traverse 
notch 36. A single pole, double throw relay 38 is 
connected as shown in the control circuit 102 and ener 
gized thereby only when the switch actuator 35 rides 
within one of the notches 36 or 37 to close switch 134 
and complete the circuit. Two speed, recording chart 
drive motor 88 includes three leads 14, 42 and 143, 
hereinafter referred to for convenience of description as 
the slow, common and fast leads, respectively. These 
leads are connected as shown to the contacts of relay 
138 whereby the said motor will run at slow speed with 
the slow and common leads cen:lected through the con 
tacts of the de-energized (as depicted) relay 38, and at 
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fast speed with the fast and common leads connected 
through the contacts of relay 38 upon the energization 
thereof by the control circuit 102. Thus, the recording 
chart will be driven by motor :03 at a relatively slow or 
"recording” speed, whenever switch actuator 35 rides 
on the un-notched periphery of timing can 33 and the 
Switch 34 is maintained open thereby; and at a relative 
ly fast or "spacing' speed whenever the said actuator falls 
within either of cam notches 36 or 37 to close the 
Switch 34 and complete the control circuit to energize 
relay 538. i.eads 15 and 52 are connected across con 
trol circuit 862 as shown to supply power to correspond 
ingly identified leads of a pen lifting device 345 which 
is included in the recorder i31 and operative, when ac 
tivated, to lift gens 39-333 from the Surface of the re 
cording chart 1607. Thus, the said pen lifting device will 
be activated, and the pens ifted thereby from the record 
ing chart, only when the control circuit 82 is completed 
through the closing of switch 34, and the notor 508 
e;3rgized thereby to drive the recording chart 37 at 
the relatively fast or “spacing' speed. 

Referring now in greater detail to the recording chart 
39, a plurality of groups of exemplary curves £50, i5:, 
and 52, respectively, spaced as shown, will be seen to 

fornied theirec; by the relative noverient between the 
pens 562-53 and the driven recording chart. These 
curves, of course, represent the results of the analysis 
performed in the colorimeters A1-As and, as such, repre 
sent the overall result of the operation of the apparatus 
of the invention. As set forth hereinabove, a primary 
object of the invention is the provision of these groups 
of curves in the depicted spaced apart manner with no 
overlapping between adjacent curves of the same group, 
and a larger space between adjacent groups of curves 
than between curves of the saine group, whereby the in 
terpretation of the curves and the analysis results repre 
sented thereby may be effected in a manner embodying 
greater convenience and less chance for error than has 
heretofore been possible in the simultaneous recording 
of a plurality of analysis results on the same recording 
chart. Also, as set forth hereirabove, the apparatus of 
the invention is particularly adaptable for use in the re 
cording of results from the automatic multiple analysis 
of blood samples in conjunction with automatic blood 
sample supply and analysis apparatus of the general na 
ture disclosed in U.S. Patents Nos. 2,797,149, 2,879,141 
and 3,038,340. Very briefly described, such apparatus 
functions by aiternately withdrawing samples of blood 
and siugs of wash liquid from suitable receptacles and 
supplying the resultant continuous stream of discreet 
blood Sainpies Separated by slugs of Wash liquid to Suit 
able cherical processing apparatus wherein the blood 
is treated to make possible the automatic analysis there 
of, for example as to type, as in colorimeters Al-As. 
Since, in the present case, blood from the same sample 
is to be analyzed for different Substances contained there 
in in eight distinct analysis apparatus, the said sample 
must be broken down into eight portions, each of which 
is chemically treated in a manner consistent with the na 
ture of the analysis to be performed thereon, and in turn 
supplied to a different one of the eight analysis apparatus 
for automatic analysis therewithin. In accordance with 
the teachings of the herein-disclosed preferred embodiment 
of our investion, the eight sample portions would be 
combined into two groups of four each, with the chem 
ically processed portions of the first group supplied si 
multaneously to colorimeters A1-A, each to a different 
colorimeter, and the chemically processed portions of the 
second group Supplied in a similar manner, after a pre 
determined time deiay, to colorimeters As-As. Thus, 
ior example, curves 2.5ia would represent the results of 
the simultaneous colorimetric analysis within colorime 
ters A1-A on a first group of four sample portions from 
the sanic blood sample, and the curves i5:b, the results of 
the sinnlitaneous Colcri inctric analysis within colorimeters 
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A-A on the second greig of four portions of the San 
sample. Similarly, the spaced curves 15a and 5i of 
curve group 59 would r sent the results of the Saine 
analyses performed cin a preceding Saraple, and the CtirVes 
152a the results of the sale analyses ca the first folii por 
tions of a succeeding Sainple. 
The determining factors to be considered in providing 

non-overlapped groups of curves in the depicted 
apart manner with greater Sacing between 
curves representing analysis resaits on differen 
than between carves representing agaiysis resti 
same sample, are as follows: pan Spacing, 
timing cycie, recorder cihart "recording” Speed 
time (the time required for the 
bicod sangle to ai1 eight of t 
the timing cycles of both thë s 
the groups of colorimeters are alternately Switc 
contact with the four recorder channels, and th 
means by which the two speed, Tecorder chart drive line 
tor is switched back and forth between the "recording 
aid “spacing” speeds thereof. 

For purposes of illustration only, and not by Way of 
initiation, consistent exempiary values will be assigned 
to these determining factors in the description of the 
overai1 nanner of operation of the apparatus of the in 
vention whereby a more complete understanding may be 
had thereof. Assuming a samping time of two minutes, i.e. 
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ply for analysis of thirty Samples per hour to the colorim 
eters A1-A8, and a recorder chart “recording' or slow 30 
speed of three quarters of an inch per minute, the re 
mainder of the said factors will be seen to take the follow 
ing values in order to furnish the desired results. Since 
only two minutes are available for the recording of the 
analysis resuits from each Sample, this time must be di 
vided between the two groups of colorimeters, i.e. Al-A4 
and As-As, insofar as the length of time each such group 
of colorimeters is connected to the recorder channels 
W_z, for each sample. Preferably, but not necessarily, 
this time is preportioned equally with each of the said 
colorimeter groups operatively connected to the recorder 
channels for one minute for each sample. Thus, timing 
can 129 which controls the Switching of the colorimeter 
groups must be rotated by timing motor 132 at a speed 
of one half revolution per minute whereby the 180 
extent high side 130 of the cam will maintain Switch 27 
open and colorimeters At-A4 connected to recorder chan 
nels W-Z for one minute, and the 180° extent low side 
531 of the cam will enable the Said Switch to close to in 
turn connect the colorimeters As-A8 to the Said recorder 
channels for the following minute. Thus, each group of 
colorimeters will be connected to the recorder for only 
one of the two minutes made available for the analysi 
of each blood sample portion by the fow of the Said por 
tion through the colorimeter flow cell. Since the result 
curve for each biood sample portion obtained by Way of 
the recorder does not come immediately to its meaningful 
maximum or peaked value, but, rather, commences and 
terminates at relatively meaningless values in the range of 
100% light transmittance as made clear, for example, in 
U.S. Patent No. 2,899,280, issued August 11, 1959 to 
E. C. Whitehead et al. and assigned to the assignee of 
this invention, it is not necessary or desirable to 'ecord 
the entire curve since no greater information as to the 
quantity of the particular substance being analyzed for 
in the blood sample portion is provided thereby. Thus, 
by staggering the supply of the two groups of four blood 
portions from each blood sample to the two groups of 
colorimeters, and recording only the meaningful peaked 
portions of the analysis result curves from the said color 
imeter groups, the system of the invention makes greater 
utilization of available analysis results recording time in 
apparatus which requires only one recorder channel for 
every two analysis apparatus. 

3 

4. 

50 

55 

60 

65 

70 

5 

3. 
To this effect, and consistent with a two minute Sam 

ping time, and a resultant two minute time for each blood 
sample portion to pass through the flow cells of the color 
imeters, there is provided a one-half minute time delay 
between the time a said portion first enters a colorimeter 
and tie time the said colorineter is connected to a relay 
channel. A one minute analysis results recording time 
follows, at the expiration of which the colorimeter is 
disconnected from the recorder channel and another half 
minute elapses while the remainder of the blood Sample 
portion completes its flow through the colorimeter flow 
ce. A new blood sample portion from the continuous 
stream thereof referred to hereinabove then enters the 
colorimeter and the procSS is repeated. Thus, a colorim 
eter is connected to the recorder for analysis results re 

g during only what might be termed the "middle' 
ininute of the two minite flow of a blood Sample there 
through. This is made possible by the fact, as set forth 
above, that it is only during this "middle' minute that 
the analysis results curve will reach its meaningful peaked 
value, which valie must of course be recorded to provide 
In eaningful results. 

This timed relationship between the operation of the two 
groups of colorimeters, Al-A4 and As-As, respectively, 
is graphically represented by FIG. 3 wherein the connect 
and disconnect points of the two colorimeter groups are 
plotted against time for the fiew of two complete blood 
samples through the colorimeter flow cells; with the dashed 
ines in the subject figure indicating the said points for 
oie sainple and the solid lines the said points for the next. 
This may be seen wherein the first group of four por 
tions of the first blood Sample are introduced to colorim 
eters A1-A and fow therethrough for one half minute 
before the Said colorimeters are connected to the recorder 
channels. At the expiration of one half minute of re 
cording time of the analysis results from colorimeters 
A1-A4, the Second group of four portions of the first blood 
Sample are introduced to the flow ceils of colorimeters 
A5-A8 to commence fiowing therethrough. After the ex 
piration of another half minute, at which time the one 
milite recording period of the analysis results from 
colorimeters A1-A is completed, the colorimeter groups 
are switched with colorimeters As-As now connected to 
the recorder channels to connence the one minute record 
ing period for the second group of portions of the first 
3 lood Sample now flowing therethrough. During the next 
half minute, the remainder of the first group of blood 
Sample portions finishes fowing through the now discon 
tected colorimeters A1-A. The next half minute sees the 
introduction of the first group of portions from the sec 
ond bicod sample (as indicated by the solid line) to color 
imeters A1-A4, and the completion of the one minute re 
cording period for the Second group of portions from the 
first Sample in colorimeters As-As. The process is now 
at the two and one half minute point whereby colorimeters 
As-A8 are discorinected and colorimeters A-A again 
connected to the recorder channels for recording the 
analysis results from the first group of portions from the 
Second blood sample. At the expiration of the next half 
minute, the second group of portions from the second 
Sample commences to fow through the flow cells of the 
now disconnected colorimeters As-A8 whereby the process 
is repeated until all the blood Samples have been analyzed. 
To prevent result curve overlapping with a recorder chart 

slow or "recording' speed of three quarters of an inch per 
minute, it becomes necessary to space the pens by three 
quarters of an inch. It is not necessary, however, to space 
all pens by this distance since the pens are arranged in 
groups of two in the recorder to simultaneously trace result 
curves at opposite sides of the recording chart. Pens Age 
and 5.52 are arranged to trace the two curves of each group 
on the left hand side of the recording chart, while pens 
11 and 23 are arranged to trace the two curves of each 
group on the right hand side of the said chart. Thus, it 
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becomes necessary only to space pens 18 and 11 from 
pens 32 and 13, three quarters of an inch in the direction 
of recorder chart travel as indicated in FIG. 2, whereby 
overlapping of curves traced by pens on the same side 
of the said chart is prevented. Additionally, a very small 
clearance, for example one sixteenth of an inch, in the 
direction of chart travel is provided to prevent interference 
between adjacent pens of a group. 

For convenience of description in relating the various 
timing cycles to the result curves on the recording chart, 
recording and spacing times consistent with a two minute 
sampling time are indicated in FIG. 2 adjacent the said 
curves. As indicated thereon, reading from bottom to 
top in the direction of time, the first ten second interval 
would occur during the travel of actuator 135 of switch 
134 within notch 137 of timing cam 133. Thus, notch 
137 must be of the 30 extent necessary to maintain the 
said actuator therein for 10 seconds at the one half revolu 
tion per minute rotational rate of timing cam 133. With 
the actuator 35 positioned within notch 137, control 
circuit 02 is completed whereby relay 138 is energized 
to shift chart drive motor 103 to the fast or “spacing' 
speed. The pen lifters 145 are actuated simultaneously 
therewith through leads 6 and 152, whereby the pens 
are lified from the recording chart and the chart driven 
at 'spacing speed for ten seconds to provide a relatively 
large space between groups of results curves 150 and 151, 
respectively, relating to different blood samples. As notch 
137 completes its travel relative to switch actuator 35, 
the high side 13t of timing cam 129 is just being presented 
to actuator A23 of switch 127 whereby control circuit 106 
is opened and the relays 121 and 22 de-energized to con 
nect colorimeters A1-A4 to the four pens 118-1:3 through 
the corresponding recorder channels W-Z, respectively. 
Thus, as soon as notch 137 passes completely below actua 
tor 135 and the un-notched periphery of timing cam 33 
is presented to the latter, control circuit 102 is opened 
to return recording chart drive motor 132 to the slow or 
“recording” speed thereof and de-activate the pen lifters, 
whereby the pens are returned to contact with the chart 
now moving at "recording' speed and the results of the 
analysis in the now connected colorimeters A1-A com 
menced to be recorded thereon as the first four curves 
i5ia of group 15. At the expiration of fifty-two and 
a half seconds from this point, timing can 133 will have 
rotated sufficiently to present notch 136, which is of half 
the peripheral extent of notch 137, to actuator 135 of 
Switch 134, whereby control circuit 102 will again be 
closed. Thus, the chart drive motor 08 will again be 
shifted to fast or "spacing” speed, and the pens lifted 
from contact with the recording chart. This simultaneous 
"spacing” speed drive of the said chart and lifting of the 
pens therefrom for five seconds, provides the space be 
tween curves 52a and 553b of group 151. Additionally, 
while actuator E35 is within notch 336, the low side 3 
of timing cam 129 will be presented to actuator 123 of 
Switch 27 to close control circuit 106 and energize relays 
i2 and 22. This of course results in the switching, 
through the relay contacts, of colorimeters As-As into 
contact with the recorder channels W-Z to control the 
movements of the now lifted pens 110-13. However, 
as the notch 136 completes its travel beneath the actuator 
135, the un-notched periphery of timing cam 133 is once 
again presented thereto to reopen control circuit 102. 
This reshifts the chart drive motor 108 to slow or “record 
ing” speed and de-activates the pen lifters whereby the 
pens, which are now under the control of colorimeters 
A5 A8, are returned to contact with the recording chart 
and the results of the analysis in the said colorimeters 
recorded thereon for fifty-two and a half seconds in the 
form of the curves 5b of group 15. At the expiration 
of this last-mentioned period of time, notch 137 is again 
presented to actuator 135 of switch 134 to once again 
complete control circuit 102 whereby the process will be 

5 

O 

20 

25 

30 

3 5 

55 

60 

65 

70 

10 
repeated in the above-described manner to form the 
spaced, result curve groups for each Sample until the 
completion of the analyses of all blood samples supplied 
to the apparatus of the invention. The curves 15a of 
group 153 of course represent the analysis results from 
coicrimeters A1-A of a first group of four portions from 
a blood sample, while the curves 151b of group 151 
represent the analysis results from colorimeters As-As 
from a second group of four portions from the same blood 
sample. The total elapsed time for the recording and 
spacing of the analysis results curves for one complete 
blood sample, i.e., curves 52a and 151b of curve group 
153, will be seen to equal two minutes and to thus be 
perfectly consistent with a two minute sampling time. 

While we have shown and described the preferred 
embodiment of the invention, it will be understood that 
the invention may be embodied otherwise than as herein 
specifically illustrated or described, and that certain 
changes in the form and arrangement of parts and in the 
Specific manner of practicing the invention may be made 
without departing from the underlying idea or principles 
of this invention within the scope of the appended claims. 
What is claimed is: 
1. Apparatus comprising, a plurality of groups of test 

ing means, recording means including a plurality of simul 
taneously operable recording devices operatively connect 
ible to said testing means groups for recording test re 
Sults therefrom on a moving, record receiving member, 
the number of testing means in each of said groups being 
equal to the number of recording devices, switching means 
operable to alternately connect the said testing means 
groups to the said recording devices in one-to-one testing 
means-recording device correspondence to provide a series 
of simultaneously recorded groups of test result records 
from said testing means groups on said record receiving 
member, spacing means operable to intermittently de 
activate said recording devices to space the said groups 
of test result records on the moving, record receiving 
member to separate the same thereon, and controlling 
means operable to intermittently actuate said switching 
and spacing means. 

2. Apparatus as in claim 1, wherein said moving, rec 
ord receiving member comprises a motor driven record 
ing chart, and said spacing means comprise a variable 
Speed recording chart drive motor shiftable between re 
cording and Spacing Speeds and means cooperatively as 
Sociated therewith for deactivating said recording devices 
When said recording chart is driven at said spacing speed. 

3. Apparatus as in claim 2, wherein the switching 
means comprise at least one relay and the testing means 
groups are alternately connectible to the recording means 
across the relay contacts, with a first testing means group 
connected to the recording means when the relay is ener 
gized, and a second testing means group connected to the 
recording means when the relay is deemergized. 

4. Apparatus as in claim 3, wherein the controlling 
neans comprise first and second tinning circuits, with said 

first timing circuit operable to alternately shift said re 
corder chart drive motor between recording and spacing 
Speeds and deactivate said recording devices substantially 
simultaneously with the shifting of the chart drive motor 
to spacing Speed, and said second timing circuit operable 
to alternately energize and de-energize the said relay sub 
Stantially simultaneously with the said shifting of the 
recorder chart drive motor speed. 

5. Apparatus as in claim 4, wherein said controlling 
means further comprise a timing motor, and first and sec 
ond timing cams driven thereby and Operatively associ 
ated, respectively, with said first and second timing cir 
cuits, said testing means comprising quantitative analysis 
apparatus for the quantitative analysis of substances Slip 
p thereto with respect to predetermined constituents 
thereof. 

6. Apparatus as in claim 4, wherein said controlling 



means further comprise a tinning motor, and first aid Sec 
ond timing cams driven thereby and operatively associ 
ated, respectively, with said first and second timing cir 
cuits. 

7. Apparatus as in claim , wherein the Switching 
means comprise at least one relay and the testing means 
groups are alternately connectible to the recording means 
across the relay contacts, with a first testing means group 
connected to the recording means when the relay is ener 
gized, and a second testing means group connected to the 
recording means when the relay is de-energized. 

8. Apparatus as in claim I, wherein said controling 
means comprise a timing motor, first and second timing 
cams driven thereby and first and second tinning circuits 
operable, respectively, by said first and second tiraing 
cams, with said first timing circuit operable to control 
the spacing means and said second timing circuit operable 
to control the Switching means. 

9. Analysis and recording apparatus for the automatic 
typing of blood comprising, a plurality of groups of auto 
matic analysis apparatus for the quantitative analysis of 
chemically treated portions of discrete blood samples sup 
plied thereto in a continuous stream, a chart recorder in 
cluding a plurality of simultaneously operable recording 
pens operatively connectible thereto for the recording of 
analysis results therefronn on a moving recorder chart, 
the number of analysis apparatus in each of said groups 
being equal to the number of recording pens, switching 
means operable to alternately connect the said groups in 
one-to-one analysis apparatus-recording pen correspond 
ence to the said recorder to provide a series of simultane 
ously recorded groups of bicod sample analysis result 
records from said analysis apparatus on the recorder 
chart, spacing means operable to intermittently deactivate 
said recording pens to space the said groups of blood sam 
ple analysis result records on the moving recorder chart 
to separate the same thereon, and controlling means oper 
able to intermittently actuate said Switching and spacing 
means. 0. Apparatus as in claim 9, wherein said spacing 
means comprise a variable speed recorder chart drive 
motor shiftable between recording and spacing speeds, 
and pen lifting means operable to lift said pens from said 
recording chart when said drive motor is shifted to spac 
ing speed. 

51. Apparatus as in claim 10, wherein said switching 
means comprise at least one relay and the analysis appa 
ratus groups are alternately connectible to the recorder 
across the relay contacts, with a first analysis apparatus 
group connected to the recorder when the relay is ener 
gized, and a second analysis apparatus group connected 
to the recorder when the relay is de-energized. 

12. Apparatus as in claim a , wherein the controlling 
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Ineans coinprise a timing motor, first and second timing 
cans driven thereby, first and second timing circuits oper 
able respectively by said first and second timing cams, 
with said first timing circuit being operable to alternately 
shift said recorder chart drive motor between recording 
and Spacing speeds and activate said pen lifters to lift 
said pans from the recording chart substantially simul 
taneously with the shifting of the chart drive motor to 
Spacing Speed, and said second tinning circuit being oper 
able to alternately energize and de-energize the said relay 
substantially simultaneously with the said shifting of the 
recorder drive chart motor. 

13. Apparatus comprising, a plurality of groups of 
testing means, recording means including a plurality of 
simultaneously operable recording devices operatively 
connectible to said testing means groups for recording test 
results therefrom on a moving, record receiving member, 
the number of testing means in each of said groups being 
equal to the number of recording devices, switching 
means operable to alternately connect the said testing 
means groups to the said recording devices in one-to-one 
testing means-recording device correspondence to provide 
a Series of simultaneously recorded groups of test resuit 
records from said testing means groups on said record 
receiving member, spacing means operable to intermit 
tently deactivate said recording devices to space the said 
groups of test result records on the moving, record re 
ceiving member to separate the same thereon, and con 
iroiling meais operable to intermittently actuate said 
SWitching and spacing means, said testing means compris 
ing quantitative analysis apparatus for the quantitative 
analysis of Substances supplied thereto with respect to 
predetermined constituents thereof. 
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